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CMOS SIDEWALL OXIDE-LIGHTLY DOPED
DRAIN PROCESS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. ap-
plication Ser. No. 665,495, filed Oct. 29, 1984, now
abandoned, which 1s a continuation of U.S. application
Ser. No. 468,917, filed Feb. 23, 1983, also abandoned,
which is a continuation-in-part of U.S. application Ser.
No. 06/344,588, filed Feb. 1, 1982, now U.S. Pat. No.
4,442,591,

BACKGROUND AND SUMMARY OF THE
INVENTION

‘The present invention relates to a CMOS integrated
circuit technology.

A recognized difficulty with both short-channel and
high-voltage MOS technologies is impact ionization at
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the drain/channel boundary, since the high peak elec- -

tric fields normally encountered in this location lead to
injection of hot carriers into the gate oxide (producing
a shift in he device threshold according to the devices
operating history), and to reduced avalanche break-
down voltage, and to increased parasitic substrate cur-
rent. The electric filed generated by the gate exacer-
bates the problem of avalanche breakdown into the
drain boundary, and this is particularly severe if the
drain boundary is very close to the gate corner, where
the gate field 1s normally at a maximum. All these ef-
fects are particularly, difficult in the N-channel devices
in CMOS technology, both at small geometries (e.g. 1
micron channel length at 5 volts) and at high voltages (4
microns channel length at 20 volts).

In digital CMOS circuits parasitic substrate currents
caused by impact ionization filow during the switching
transients when both N and P-channel devices are
turned on. This can give rise to ‘substrate bounce’
which could cause latch-up, debiasing or the discharge
of floating nodes. (These are more good reasons for
using ep1 on a P+ substrate). In analog circuits the
situation i1s potentially more serious since N-channel
source follower type configurations could be biased
such that a significant parasitic substrate current flows
continuously. Perhaps the most serious effect of all is
hot carrier injection into the gate oxide which can cause
long term threshold shifts and transconductance degra-
dation. Of course, all these problems become more
severe as the gate oxide is scaled while the supply volt-
age 1s kept constant.

Since the coefficient of impart ionization is approxi-
mately an order of magnitude higher for electrons that
for holes, the N-channel device is the limitation to real-
1zing short channel devices for high voltage applica-
tions. The present invention teaches CMOS techniques
for making the N-channel device 1n a CMOS process
‘hot-carrier resistant’. These techniques introduce
lightly doped N regions between the channel and the
N+ source/drain regions. This structure spreads the
high electric filed at the drain pinch-off region into the
N — extension, thereby increasing the drain breakdown
voltage, reducing impact ionization, and consequently
reducing hot-electron emission. These advantages are
realized at the cost of a low dose phosphorus blanket
implant, no extra masking steps are required.

Significant attention has been paid to problems of this
nature in the prior art of NMOS devices. For example,
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U.S. Pat. No. 4,356,040, which is hereby incorporated
by reference, teaches the use of gate sidewall oxide to
reduce the gate/drain overlap, or to provide for gate/-
drain underlap. Ogura et al, “Design and Characteris-
tics of the Lightly Doped Drain/Source (LLDD) Insu-
lated Gate Field-Effect Transistor,” IEEE Journal of
Solid State Circuits, Volume SC-15, Pages 424 and
following (1980) together with references cited therein,
all of which are hereby incorporated by reference, dis-
closes the structure of lightly doped drain regions and
discusses their advantages.. Other art is believed to ex-
pressly teach the formation of a lightly doped drain
region which is formed by a reachthrough source/drain
implant which is partially screened by a sidewall oxide.

The incorporation of a lightly doped drain structure
in a CMOS process presents several peculiar problems,
and it is these specific problems which the present in-
vention addresses.

In particular, it is an object of the present invention to
provide a method for forming lightly doped drain ex-
tension regions (LDD regions) in a CMOS technology.

It 1s a further object of the present invention to pro-
vide a method for fabricating 1.DD regions in a CMQOS -
technology, without requiring any additional masking
steps.

A particular difficulty in CMOS technology, as dis-
cussed above, i1s that only the N-channel devices need
the LDD region at the drain boundary, since the impact
ionization coefficient for holes is far lower than for
electrons, as discussed above.

Thus, it is an object of the present invention to pro-
vide a method for fabricating CMOS devices in which
the N-channel devices incorporate LDD regions,
whereas the P-channel devices do not.

It i1s a further object of the present invention to pro-
vide a method for fabricating CMOS devices wherein
the N-channel devices but not the P-channel devices
incorporate lightly doped drain regions, without requir-
ing any additional masking steps.

A further problem with the use of lightly doped drain
regions is that they degrade device characteristics in
several ways. In particular, the series resistance of the
device can be increased substantially, and the transcon-
ductance of the device will also be lower. Both of these
effects are sensitive to the length of the LDD regions.
That 1s, 1t 15 desirable that the LDD extension regions
not be much longer than i1s necessary, considering the
operating voltage of the device. In particular, 1if the
LDD regions are not self-aligned to the gate and sour-
ce/drain regions, then the LDD regions must be at least
two alignment tolerances wide, since otherwise normal
alignment variation could produce some devices which

had no LDD region at all. These devices would be

inoperative and degrade yield. Thus, it i1s highly desir-
able that the lightly doped drain extension regions be
self-aligned to the gate and also to the source/drain
regions.

It is a further object of the present invention to pro-
vide a CMOS processing technology wherein lightly
doped drain extension regions are self-aligned to both
the gate and to the source/drain regions.

It 1s a further of the present invention to provide a
CMOS technology wherein hightly doped drain exten-
sion regions are self-aligned both to gate regions and to
source/drain regions in N-channel devices only and do
not occur in P-channel devices, without requiring any
additional masking steps.
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The above problems are particularly acute with high
voltage devices. High voltage CMOS devices are
highly attractive for many applications, including con-
sumer devices, control devices, and devices for environ-
ments where electrical noise is very high. However, it is
quite difficult to get the geometries of a high voltage
CMOS process down to geometry suitable for LSI
density. In addition, the mask counts for the high-volt-
age CMOS process must be very carefully controlled,
since even a technologically possible chip is useless
unless the cost per chip as-fabricated times the yield
produces an acceptably low net cost figure. That is, a
crucial parameter in high voltage CMOS applications is
the combination of low mask count and small geome-
tries.

Thus, it 1s an object of the present invention to pro-
vide a high voltage CMOS process having very low
mask count and relatively small geometries.

The length of the LDD region can be particularly
critical in a high voltage CMOS process. This is be-
cause, in a very high voltage process, a low dopant
concentration will be typically used in the LDD region
to achieve the necessary gradual doping profile at the
channel/LDD boundary, but such low dopant concen-
trations necessarily imply a very high resistively within
the LDD region itself, and therefore the series resis-
tance of the device will be drastically degraded as the
length of the LDD region is increase. On the other
hand, 1t 1s necessary that the LDD region in a very high
voltage device not be too short, since the desired grad-
ual dopant profile may thereby be truncated. That is,
use of non-self-aligned LDD regions may be optimal in
a high voltage process because the substantial total
width of the source and drain side LLSS’s impose a total
additional series resistance in the device which is signifi-
cantly larger than that required if the LDD width on
both sides were merely minimal.
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devices comprise a lightly doped drain extension region
separating said respective source/drain regions thereof
from said respective channel regions thereof; and

connecting said respective source/drain and gates to
provide a desired circuit function;

wherein all of step (a) is performed before step (6),
and all of step (6) is performed before step (c).

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described with refer-
ence to the accompanying drawings, wherein:

FIGS. 1-3 show the sequence of steps used to form
P-channel devices which have source/drain self-aligned
to the gate without lightly doped drain extension re-
gions, and to form N-channel devices which have
hghtly doped drain extension regions self-aligned to the
gate and to the N-type source/drain.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described with refer-
ence to a high-voltage CMOS process which is opti-
mized for 18 volt operation with 4 micron channel
length. However, the process of the present invention
can be scaled to higher or lower operating voltages in a
straightforward fashion. That is, the high voltage
CMOS process of the presently preferred embodiment
can be.easily scaled to a 10 volt 2 micron process or a 14

* volt 3 micron process, as will be discussed below. More-
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over, the critical sequence of steps in which the N and
P type source/drain and LDD extension regions ar

~ formed can be inserted in other high voltage CMOS

35

According to the present invention there is provided: .

A method for fabrication of a CMOS device, com-
prising the steps of:

providing a semiconductor substrate;

defining moat regions at the surface of said substrate;

introducing N-type impurities into selected portions
of said substrate to form a plurality of N-tank regions;

forming an insulated conductive gate layer over por-
tions of said substrate to define a predetermined plural-
ity of device locations within said moat regions, said
device locations comprising both N-channel locations
regions and P-channel device locations;

(a) introducing a light dose of an N-type dopant into
a shallow depth of said substrate surface overall, both in
desired locations of lightly doped drain extension re-
gions and in other locations;

depositing a conformal oxide overall;

(b) providing a patterned mask layer to cover the
locations of said N-channel devices, removing said con-
formal oxide where not covered by said masking layer,
mtroducing a heavy dose of P-type impurities to form
P-type source/drain regions in predetermined locations
where the surface of said substrate is exposed, and re-
moving said first masking layer;

(c) depositing a patterned masking layer to cover a
plurality of said P-channel device locations, anisotropi-
cally etching said conformal oxide over said N-type
device regions to leave sidewall oxides at the sidewalls
of said gates over said N-type device regions, and im-
planting a high dose of an N-type impurity to form
N-type sources and drains, whereby said N-channel
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processes. That 1s, while it 1s preferred to use an epitax-
ial twin tub process with a shallow highly doped tank,
none of these features are strictly necessary.

The sequence of process steps which achieves forma-
tion of source and drain and LDD extension regions
according to the present invention will be described
first, and the general high voltage CMOS process flow
on which the presently preferred embodiment relies
will be described next.

The preferred process flow up through patterning of
the polysilicon gate level is, in the presently embodi-
ment, essentially identical with that described in parent
application Ser. No. 06/344,588, “HIGH VOLTAGE
CMOS PROCESS?”, filed Feb. 1, 1982, which is hereby
incorporated by reference, now U.S. Pat. No. 4,442,591,

After the polysilicon gate level has been patterned,
the exposed thin gate oxide is preferably not stripped,
since the lightly doped drain implant (the LDD im-
plant) is preferably performed as a reachthrough im-
plant through the gate oxide. (The reason the gate oxide
1S not stripped is to preserve gate oxide integrity.) How-
ever, this point is of minor importance here.

After polysilicon patterning the exposed gate oxide is

. etched away while the photoresist on the poly is left in

65

place. A light phosphorus or arsenic implant is then
performed, e.g. 8 X10!2cm? phosphorus at 60 keV,
which is self-aligned to the poly gate edge, FIG. 1.

Phosphorus is believed to be slightly preferable to
arsenic for the lightly doped drain implant, since the
greater diffusivity of phosphorus will provide a more
gradually changing doping profile at the channel/LDD
junction.

Use of an LDD implant which includes both arsenic
and phosphorus is a further embodiment of the inven-
tion, which again provides an even more gradual dop-
ing transition at the LDD/channel boundary. That is,
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since phosphorus has a higher diffusivity than arsenic, a
region including only phosphorus will exist just beyond
the peripheral of the region containing both phosphorus
and arsenic. Again, this spreads the potential and re-
duces the peak electric field.

In general, the depth and dosage of the LDD implant
1s selected to achieve a depth in the LDD regions which
1s somewhat less than the depth of the source regions,
and a dopant concentration which is mush less than the
dopant concentration normally used for a source drain.
For example, in the presently preferred embodiment,
where 4 micron devices are sued for 18 volt operation,
the dopant concentration in the lightly doped drain
regions 1s approximately 1E 17 per cubic centimeter,
and the depth of the lightly doped drain region is ap-
proximately 0.15-0.2 micron. Deeper LDD regions
would work perfectly will (as long as the LDD is not
very much deeper than the source/drain depth), but
deeper LDD regions impose greater difficulty in con-
trol of the lateral diffusion of the LDD implant.-

Structurally, the lightly doped drain region serves
essentially these functions: first, the change in the dop-
ant profile at the channel/LDD boundary should be

gradual. As noted above, this gradual change in the

doping profile also implies a more gradual change in the
potential, and therefore a reduction in the peak electric
field. Second, the heavily doped drain is physically
removed from the gate corner, so that the drain corner
sees a substantially smaller electric field from the gate
voltage. That is, the transition into the heavily-doped
(typically 1E19 per c¢c) drain region, when LDD re-
gions are not used, occurs in close physical proximity to
the maximum of the gate-induced electric field (at the
gate corner), so that mere physical separation of the
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high-low junction at the LDD/drain boundary is itself 35

advantageous. Third, the LDD region itself will typi-
cally be hghtly enough doped to impose a slight addi-
tional IR voltage drop between the channel and drain,
and, although this voltage drop degrades device perfor-
mance, 1t does provide a further slight reduction (e.g. a
volt or so) in the voltage drop at the LDD/channel
boundary. Fourth, the wider physical separation of the
source and drain supplied a slightly larger punch
through voltage. Fifth, the LDD reduces the capacitive
loading seen by the gate and thus tends to improve the
speed of operation.

Where a double implant is used, the respective ener-
gies would preferably be selected to give the same stop-
ping distances for the phosphorus and the arsenic im-
plant. In this case, the total dopant concentration within
the LDD region can be selected to be up to in the neigh-
borhood of 1E18 per cubic centimeter. However, as
noted, the resistively (dopant concentration) of the
LDD regions can be varies to optimize the present
invention for particular desired circuit constraints. That
1s, a lower dosage LDD implant will provide a more
gradual dopant profile at the LDD/channel boundary,
and therefore a reduced peak electric field at this
boundary, but the price for this is degraded transcon-
ductance and series resistance.

If a double implant (phosphorus plus arsenic) is used,
the more desirable of these effects is increased, as noted
above. The undesired side effects of LDD regions can
be reduced. That is, where a phosphorus plus arsenic
implant is used to form the LDD regions, a slightly
higher total dopant concentration within the LDD
regions can be sued than would to possible with a phos-
phorus implant only, and a series resistance degradation
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due to the high resistively LDD regions can be mini-
mized.

After the blanket LDD implant has been performed,
as shown in FIG. 1, a thin layer of oxide is conformerly
deposited overall, e.g. by plasma or low pressure chemi-
cal vapor deposition. In the presently preferred embodi-
ment, 300 nanometers of oxide are deposited, but this
thickness 1s not at all critical. However, good control
over the exact oxide thickness deposited is highly desir-
able in connection with the width of the sidewall oxides,
as will be discussed below. After the oxide is into place,
the mask for the P+ source/drain implant is applied.
The exposed conformal oxide is etched away, and the
P+ source/drain implant 1s then applied, e.g. 8E15 per
square centimeter of boron diflouride at 67 keV, as
shown in FIG. 2.

The photoresist which was used to mask the P-type
source/drain implant i1s now stripped, and the confor-
mal oxide over the NMOS device regions is partially
etched away leaving filaments on the gate sidewalls,
and the mask for the N-type implant is then applied. -
The sequence of these steps is not at all critical, that is
the mask for the N+ implant could be applied before
the oxide etch is performed. However, the parameters
of the oxide etch are important.

It 1s necessary that the polysilicon gate level be pat-
terned to leave nearly vertical sidewalls, so that a highly
amsotropic polysilicon etch should be used. Many such
etches are will known 1in the art, e.g. the polysilicon
could be etched in Freon-11.

The existance of the vertical sidewall along the poly
gatelines means that substantial oxide filaments will
exist at the gate sidewalls after oxide has been cleared
everywhere else. That is, if 300 microns of oxide are
deposited conformally and then 300 microns are etched
away, the gate sidewalls will still have a coat of oxide
which is approximately as wide as the original oxide
thickness (300 nanometers) and as high as the thickness
of the gate plus gate insulator, as shown in FIG. 3.
Preferably the sidewall is etched slightly more than
necessary to clear it, e.g. 50% overetch. This will still
leave substantial sidewall oxide filaments, without leav-
ing any undesired other oxide filaments, e.g. on the filed
oxide. (It should be noted that the field oxide in the
LOCOS process 1s typically substantially less vertical
than that shown here, which has been compressed for
compactness. Of course, the present invention may be
practices with a wide vanety of isolation technologies,
and 1s not by any means limited to a locos process.)

If the conformal oxide is overetched beyond that
desired, the height of the sidewall oxides will be low-
ered, and their thickness will also be diminished
slightly. However, since the presently preferred em-
bodiment of the invention does not use a reachthrough
implant through the sidewall oxide, the exact height of
the sidewall oxide 1s unimportant, as long as it is reason-
ably substantial (i.e. more than 4 times the thickness of
the gate oxide). Moreover, the width of the sidewall
oxide, as 1s well known in the art, is only slowly sensi-
tive to overetching, so that inaccuracy in the etching
duration or in the thickness of conformal oxide origi-
nally deposited produces only minor variation in the
width of the LDD extension regions.

Thus, the arsenic source/drain implant is finally per-
formed, e.g. 1E16 per centimeter squared at an energy
of 100 keV.

The high voltage CMOS process with which the
preferred embodiment of the present invention is em-
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bodied will now be described in detail. The LDD for-

mation according to the present invention can also be
used with other high voltage CMOS processes, but the
‘combination of LDD formation according to the pres-
ent invention with the high-voltage process described
has substantial advantages. In particular, the present
invention provides denser devices at the same operating
voltage at the same density.

It should be noted that, while the channel length is
decreased by the use of LDD extensions, the other
operating parameters remain the same. That is, such
parameters as P+ to tank edge spacing are not affected
by the introduction of the LDD extension regions.

The present invention will be described with primary
reference to a process which is optimized for a device
which will operate at 18 volts, so that breakdown volt-
ages and field thresholds of 20 volts or better are re-
quired. In this preferred embodiment, 4 micron design
rules are used. However, the present process also scales
directly to lower voltage operation at smaller geome-
- tries, for example to 15-volt operation at 3 micron ge-
ometries.

The present invention preferably uses a P-on-P+
structure, with both a P-well and an N-tank being im-
planted within the P-epitaxial layer.

The present invention permits a 9 mask double-poly
process using positive resist, or a 10 mask process using
negative resist (since two masking steps ar used to form
the contact level). Algorithmic mask generation re-
duces the number of drawn levels to 8, and permits
contact to the tank to be made using the N+ source/-
drain implant, and contact to the P-well using the p+
source/drain implant. The N+ and P+ S/D masks are
both generated from a drawn N4 /P+ mask and the
tank mask. A single-poly process according to the pres-
ent invention uses only 8 masks. The starting material is
a P+ substrate, doped to about 108 per cm3, with a 16
micron thick p-type epitaxial layer thereon, doped to
about 101> per cm3. Evaluation of latchup performance
using the process of the present invention indicates that
16 micron epi gives adequate latchup protection for 15
volt operation of internal circuits. For I/0 circuits,
further protection can be achieved by the addition of
guard rings which are implanted with the N+ source/-
drain implant. Although this requires the use of metal
jumpers int eh 170 circuits to permit a poly line to cross
between P and N channel devices, the area penalty is
very small as a percentage of chip size. By providing
guard ring structures only in the I/O circuits, which are
more likely to receive externally generated high-volt-
age transients, good resistance to high-voltage tran-
sients 1s provided without significantly increased pro-
cess complexity or area inefficiency.

Two layers of poly are sued, with a regrown gate
oxide. The first polysilicon level can be doped by ion
implantation, and is therefore suitable for capacitor
bottom plates and for natural V rtransistors. In addition,
resistors can be formed in this first poly level. The sec-
ond level of polysilicon is used for regular gates and
interconnects. It is this level of polysilicon which pro-
vides the gates to which the LDD regions of the N-
channel high-voltage transistors are self-aligned. This
level is preferably silicided by the coevaporation of
titanium. and silicon, so that the sheet resistance of the
second poly layer 1s effectively reduced to around 5
ohms per square. This avoids the difficult compromise
between resistively and etching characteristics which is
otherwise necessary. When polysilicon is POCl; doped
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to below about 50 ohms per square, plasma etching
tends to proceed selectively along grain boundaries, In
effect removing the polysilicon in chunks. Polysilicon
having 50 ohms per square sheet resistance is bad
enough for circuit design, but portions of the poly may
be exposed to the P-type source/drain implant, and
would therefore have an even higher sheet resistance.
Siliciding the second poly level avoids the sheet resis-
tance problem, and siliciding by means of co-deposition
of titanium and silicon adds almost no additional pro-
cess complexity.

The final P-channel (N-tank) surface concentration is
around 1016 per cm3, and the tank depth is about 4 mi-
crons. With a gate oxide thickness of 70 nm, the result-
ing body effect is about 1.4V3, and the Kpis 5 micro-
amps per volt?. For the majority of circuit designs, the
high P-channel body effect is not an issue, since the
N-tank can always be returned to the source.

The final N-channel (P-well) surface concentration is
around 2 X 101> per cm?, with a resulting body effect of
0.4V1 and a Kpof 16 microamp per volt2.

A blanket boron implant is used to simultaneously set
the Vrn (the NMOS threshold voltage) and V rpto plus
and minus 1.5 volt. A blanket implant can be used to
symmetrize the PMOS and NMOS threshold voltages
at only one voltage level, and plus and minus 1.5 volts
happen to be paired values conveniently available with
the process parameters specified.

The PMOS and NMOS field thresholds are both
around 22 volts or greater. This is achieved with a 1.1
micron field oxide, ad a blanket boron field threshold
adjust implant. The initial field threshold in PMOS
regions is higher than required, and the threshold adjust
implant dose is selected to equalize the filed threshold in
PMOS and in NMOS regions. With doping levels as
described above, the field threshold levels are equalized
at around 22 through 25 volts. Thus, no masking step is
required for field threshold adjustment.

The PMOS and NMOS source/drains are implanted
with boron and with phosphorus/arsenic respectively,
yielding junction depths around 0.75 micron with junc-
tion breakdown voltages around 23 volts.

The mask set of the preferred embodiment is there-
fore as follows:

TABLE 1

Twin Tub, 15V, Two-Level Poly CMOS - Mask Set
Mask Name

Functinn

1. Tank Defines P-channel regions and can be
used for resistors.

2. Moat Defines moat pattern for active devices
and N+ guard rings for 1/0 circuits.

3. Poly 1 Used for precision capacitor bottom
electrodes interconnect and natural
V 7 transistors.

4. Poly 2 Used for regular transistors, capacitor
top electrodes and interconnect.

5. N+ S/D N-channel S/D, N+ guard ring for 1/0
circuits and tank contact.

6. P+ S/D P-channel S/D and local P-substrate
contact.

7. CTOR Contact to all poly gates and moat.

8. Metal Full level of interconnect.

9. POR Protective overcoat.

The baseline process flow for the high voltage
CMOS process 1s illustrated in FIGS. 1-8. Starting
material i1s a P+ substrate, doped to about 1018 per cm3,
with a 16 micron epitaxial P-type layer, doped to
around 10!° per cm3. The thickness of the epitaxial layer
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is controlled by several factors: First, the thicker the
layer, the less effective it will be in suppressing latchup;
second, the minimum thickness of the epi-layer 1s deter-
mined by the supply voltage, such that with the N-tank
at Vpp (4+15V) and the P-substrate (ep1) at OV, the
depletion region extending from the tank does not quite
reach the P+ substrate. This minimizes the depletion
region extending into the tank, thereby increasing the
P+ punch thru voltage, and ensures that no voltage 1s
dropped across th P+ substrate which could cause
breakdown because of the high fields. Moreover, the
thinner the layer, the greater the leakage current and
capacitative coupling into the substrate may be.

The epitaxial layer doping is selected as discussed in

U.S. patent application Ser. No. 06/327,661, filed Dec.
4, 1981, which i1s hereby incorporated by reference,
now abandoned.
" The gain (beta) product of parasitic bipolar transis-
tors produced by the present process is greater than
unity, so that avoidance of latch-up depends on never
reaching the necessary injection current. This is averted
by current leakage through the substrate: the lower the
resistance of this leakage path, the more any current
surge will be shunted. Lateral spacings which safely
avoid latch-up are, in the 15V case: 5 microns tank-to-
N+, and 7 microns tank-to-P+. These scale directly
with device geometry.

A 50 nm initial oxide is grown, and 140 nm of silicon
nitride 1s deposited. These layers are etched using the
tank-complement image, and the N-tank 1s implanted,
using e.g. 5 10!2 per cm? of phosphorus at 80 keV.

An oxide of e.g. 530 nm 1s grown in the N-tank region
to act as a mask against the P-well implant which fol-
lows. and to act as a locater for subsequent alignments.
The P-well region is then implanted with boron, at e.g.
4% 10! per cm? at 60 keV.

The tank oxide is stripped and the N-tank and P-well
implants are driven 1in. A standard pad oxide 1s grown
and nitride 1s deposited. The moat-complement image 1s
cut in the nitride/oxide stack, and a blanket boron chan-
nel stop implant is performed, of e.g. 1.2 X 10!3 per cm?
at 90 keV.

The photoresist is then stripped, and field oxidation is
performed to yield an oxide thickness of about 1.2 mi-
crons. 1The nitride/oxide stack over the moat regions 1s
then stripped. A desirable side effect of the field oxida-
tion step is that the boron blanket channel stop implant
can be used to raise the N-channel field threshold with-
out overly reducing the P-channel field threshold, since
the phosphorus concentration int eh N-tank accumu-
lates at the surface during the field oxidation step,
whereas much of the boron in the P-well 1s leached into
the oxide. Moreover, for the P-channel devices Qss(the
charge trapped 1n the oxide), which is always positive,
increases the field threshold. This effect 1s particularly
favorable for thick oxides, where the oxide capacitance
Cox 1s necessarily small, since the volitage due to
trapped charge in the oxide is Vss=Qss/ Cox.

A 25 nm pre-gate oxide is then formed, to eliminate
the “Koot effect”, and the pre-gate oxide is etched. A
first gate oxide is then grown to a thickness of 70 nm.
Optionally, a first contact pattern may also be etched at
this point. A 500 nm thick first poly level is then depos-
ited, and can be doped by using a phosphorus implant,
e.g. SX 1013 per cm2 at 85 keV. This first level of poly is
primarily intended as the bottom plate for precision
poly-to-poly capacitors, as required in analog signal
processing. It may also be used to form natural Vr

10

15

20

25

30

35

45

50

35

65

10

transistors, and can be used for very short interconnec-
tions, since its final sheet resistance inside the N-tank 1s
around 150 ohms per square, and about 40 ohms per
square outside the tank. (The difference i1s due to the
counterdoping effect of the boron source/drain im-
plant.) If a first contact is required, it can be included
between the moat the first poly level.

The first poly level is then patterned and plasma
etched, and the exposed gate oxide is wet etched. A
second gate oxide, also 70 nm thick, is then grown In
0,4+ 5% HCI. Atop the exposed first polysilicon areas,
the first poly insulation oxide is simultaneously grown,
to 110 nm thick. A boron blanket implant, of e.g.
5% 10!t per cm? at 40 keV, is used to adjust V7n and
VTp

Optionally, for telecommunications circuits where
depletion loads may be required (e.g. for source fol-
lower circuits), an additional masking step can be in-
cluded at this stage for a depletion (phosphorus) im-
plant.

A 300 nm thick second poly layer is now deposited
and doped. 200 nm of TiSi; is deposited by co-deposi-
tion of titanium and silicon. Preferably this is done by
simultaneous E-beam co-evaporation of titanium and
silicon. Alternately, co-sputtering or direct reaction can
be used. The titanium silicide 1s then annealed, and the
second poly level 1s patterned. (Wet etching must not be
done after the silicide has been deposited.) The silicide,
polysilicon, and exposed gate oxide are then plasma
etched. If 2 layers of poly are not required, the second
layer may be omitted, and the first poly layer silicided
and used for gates.

An alternative, but similar, technique to that dis-
cussed above is where the sidewall oxide is in place
along the edges of the P-channel gate before the P+
source/drain implant. In this case the P-channel devices
should be masked (using the regular N+ source/drain
mask) prior to the arsenic LDD implant so that none of
the LDD implant enters the P-channel source/drain
regions. After the masked LDD implant, the sidewall
oxide is deposited and etched so hat there is gate oxide
underneath the sidewall oxide for both the P and N-
channel devices. The P+ source/drain level i1s then
patterned and BF2 implanted, so that i1t 1s self-aligned to
the sidewall oxide edge. There is no P-type LDD or
reachthrough implant. The relatively large lateral diffu-
sion of boron caused the P+ source/drain to be aligned
to the gate edge at the end of the process. The N+
source/drain level is then pattered, and the heavy ar-
senic N+ implant performed. Processing then contin-
ues as normal.

Note this method requires an extra mask step to pre-
vent the LDD implant from entering the P-channel
source/drain regions. It may be possible to eliminate
this masking step and to rely on the boron source/drain
implant to counterdope the arsenic LDD implant by
lateral diffusion during the subsequent heat treatments.
There is a large difference in doses: the arsenic LDD
implant is approximately 1E13/cm2, and the boron P+
source/drain 1s approximately 2E15/cm2.

Clearly the sidewall oxide technigques will produce
better controlled and much shorter N— extensions.
Measurements have shown that substrate currents due
to impact ionization can be reduced by up to a factor of
10, when the sidewall oxide technique 1s employed. All

of the N-channel transistors will automatically incorpo-
rate LDDs.
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Thus, the present invention is applicable not only to
small-geometry but also to high-voltage processes, and
can be widely modified and varied as will be appreci-
ated by those skilled in the art.

At this point, the process steps described above to
form lightly doped drain extension regions in the N-
channel transistors are performed. That is, the LDD
implant 1s applied overall, the P-type source/drain re-
gions are implanted, and the.N-type source/drain re-
gions are then implanted, using a mask which offsets the
N-type source/drain implant from the channel of the
high-voltage N-type transistors. Note that the sequence
of the LDD implant, the P+ source/drain implant, and
the N+ source/drain implant is absolutely critical.
However, the time at which the sidewall oxides are
formed is not critical, as discussed below.

Note that the formation of lightly doped drain exten-
sion regions according to the present invention cannot
be performed when source/drain counterdoping 1is
used. Where source/drain counterdoping is possible, it
1s possible because the unpatterned P-type source/drain
implant is compensated by the patterned N-type sour-
ce/drain implant. However, the LDD regions do not
receive the N-type source/drain implant, and therefore
the P-type source/drain implant must be patterned to
shield the LDD regions.

The second contact level 1s then patterned, using two
resist coats if negative resist is being used. About a 500
nm thickness 1s wet etched, and the remainder is plasma
etched. Plasma etching is required because of the differ-
ent etch rats of PSG and plasma oxide.

Finally, 40 nm of plasma polysilicon is deposited,
followed by 1200 nm of aluminum. The aluminum 1s
then patterned, etched, an sintered, as shown in FIG. 8.
300 nm of plasma nitride is then deposited. The protec-
tive overcoat (POR) pattern is then applied, and the
nitride 1s etched.

The present invention has been described with pri-
mary reference to a double-well epitaxial structure.
However, 1t will be obvious to those skilled in the art
that the present invention can also be applied where
different means of preventing latch-up are used. For
example, N-wells doped to about 1019 cm—3 could be
used in a substrate doped to 2 X 10!5 cm—3 P-type. Al-
though guard rings would be used in this case, the in-
vention can be otherwise practices or described above.

The present invention is also applicable to N-cm-N+
CMOS processing, in which case the LDD regions are
incorporated in the NMOS devices within the tanks.

An alternative, but similar, technique to that dis-
cussed above 1s where the sidewall oxide is in place
along the edges of the P-channel gate before the P+
source/drain implant. In this case the P-channel devices
should be masked (using the regular N+ source/drain
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Note this method requires an extra mask step to pre-
vent the LDD implant from entering the P-channel
source/drain regions. It may be possible to eliminate
this masking step and to rely on the boron source/drain

- implant to counterdope the arsenic LDD implant by

lateral diffusion during the subsequent heat treatments.
There is a large difference in doses: the arsenic LDD
implant 1s approximately 1E13/cm2, and the boron P+
source/drain is approximately 2E15/cm2.

Clearly the sidewall oxide techniques will produce
better controlled and much shorter N— extensions.
Measurements have shown that substrate currents due
to impact ionization can be reduced by up to a factor of
10, when the sidewall oxide technique is employed. All
of the N-channel transistors will automatically incorpo-
rate LDD’s. |

Thus, the present invention is applicable not only to
small-geometry but also to high-voltage processes, and
can be widely modified and varied as will be appreci-
ated by those skilled in the art.

In the principal embodiment of the lightly doped
drain extension region formation as discussed above,
sidewall oxides are left in place over the N-channel
devices but not over the P-channel devices. However, it
is slightly preferably for improved typography that
sidewall oxides be present adjacent to the gates of the
P-channel devices too, although it is preferable not to
introduce lightly doped drain regions into he P-channel
devices.

The presently preferred embodiment of the invention
accomplishes this by performing the sidewall oxide
formation at a slightly different point within the critical
masking and implanting sequence discussed above. That
is, in this embodiment, after all steps through patterning
of the polysilicon gate level have been completed, the
LDD implant 1s performed as a blanket implant. Next,
photoresist is patterned according to the P-type sour-
ce/drain mask, and the P+ source/drain implant is

' performed. Next, the P4 source/drain photoresist is

45

>0

mask) prior to the arsenic LDD implant so that none of 55

the LDD implant enters the P-channel source/drain
regions. After the masked LDD implant, the sidewall
oxide is deposited and etched so that there 1s gate oxide
underneath the sidewall oxide for both the P and N-
channel devices. The P-+ source/drain level is then
patterned and BF2 implanted, so that it 1s self-aligned to
the sidewall oxide edge.- There is no P-type LDD or
reachthrough implant. The rélatively large lateral diffu-
sion of boron causes the P+ source/drain to be aligned
to the gate edge at the end of the process. The N+
source/drain level is then patterned, and the heavy
arsenic N+ implant performed. Processing then contin-
ues as normal.

65

removed, and conformal oxide is deposited overall and
anisotropically etched to leave sidewall oxides on both
N-channel and P-channel devices. Next, the N+ sour-
ce/drain photoresist layer is patterned, and the N+
source/drain implant is performed. This sequence re-
sults in short lightly doped drain extensions on the sour-
ce/drain regions of the N-type devices only and not on
the P-type devices. However, sidewall oxides are pres-
ent both on the N-type devices and also on the P-type
devices. This configuration is shghtly preferable, since
the sidewall oxides improve typography. That is, step
coverage over the edges of the first poly level in the
PMOS areas is less of a problem.

The present invention 1s also particularly applicable
to VLSI CMOS processes, 1.e. to CMOS processes for
less than 2 micron channel lengths. In such VLSI pro-
cesses, the present invention modifies existing processes
only in the sequence of steps at which the source/drain
regions are formed. That is, the present invention can be
incorporated in any CMOS process whatsoever, since
its keypoint of novelty lies in the formation of the sour-
ce/drain (and lightly doped drain extension) regions.
The present invention will reduce the substrate current,
but otherwise will not alter the parameters of the VLSI
processes. Thus, as is well known to those skilled in the
art, the dosages and energies of all implantations in the
preceding process steps will be reduced substantially,
according to any one of the many widely known VLSI
CMOS process sequences.
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Thus, the present invention provides an innovation in
formation of source/drain regions which can be incor-
porated mn any CMOS process sequence whatsoever,
and the present invention can therefore be practices
with a tremendous variety of modifications and varia-
tions, as will appreciated by those skilled 1n the art.

What i1s claimed 1s:

1. A method for fabrication of a CMOQOS device, com-
prising the steps of:

(a) providing a semiconductor substrate;

(b) defining moat regions at the surface of said sub-

strate;

(c) introducing N-type impurities into selected por-

tions of said substrate to form a plurality of N-tank
regions;

5

10

15

(d) forming an insulated conductive gate layer over

portions of said substrate to define a predetermined
plurality of device locations within said moat re-
gions, said device locations comprising both N-
channel device locations and P-channel device
locations: |

20

(e) introducing a light dose of N-type dopant into a |

shallow depth of said substrate surface overall,
both in desired locations of lightly doped drain
extension regions and in other locations;

(f) depositing a conformal oxide overall;

(g) providing a patterned mask layer to cover the
locations of said N-channel devices, removing said
conformal oxide where not covered by said mask-
ing layer, such that oxide is not present at the side-
walls of said gates over said P-channel locations,
then introducing a heavy dose of P-type impurities
to form P-type source/drain regions in predeter-
mined locations where the surface of said substrate
is exposed, and removing said first masking layer;

(h) depositing a patterned masking layer to cover a
plurality of said P-channel device locations, aniso-
tropically etching said conformal oxide over said
N-type device locations to leave sidewall oxides at
the sidewalls of said gates over said N-type device
locations, and implanting a high dose of an N-type
impurity to form N-type sources and drains,
whereby said N-channel devices comprise a lightly
doped drain extension region separating said re-
spective channel locations thereof; and

(i) connecting said respective source/drain and gates
to provide a desired circuit function;

wherein all of step (e) is performed before (g), and all
of step (g) is performed before step (h).

2. The method of claim 1, wherein said insulated
conductive layer comprises a patterned conductive
layer over a thin gate insulator, and said thin gate insula-
tor is left in place during said lightly doped drain exten-
sion region mmplant.

3. A method for fabrication of a CMOS device, com-
prising the steps of:

(a) providing a semiconductor substrate;

(b) defining moat regions at the surface of said sub-

sirate;

(c) introducing N-type impurities into selected por-
tions of said substrate to form a plurality of N-tank
regions;

(d) forming an insulated conductive gate layer over
portions of said substrate to define a predetermined
plurality of device locations within said moat re-
gions, said device locations comprising both N-
channel device locations and P-channel device
locations;
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(e) introducing a light dose of an N-type dopant into
a shallow depth of said substrate surface overall,
both in desired locations of lightly doped drain
extension regions and in other locations; p1 depos-
iting a conformal oxide overall;

(f) providing a patterned first mask layer to cover the
locations of said N-channel devices, removing said
conformal oxide where not covered by said mask-
ing layer, such that oxide is not present at the side-
walls of said gates over said P-channe! locations
then introducing a heavy dose of P-type impurities
to form P-type source/drain regions in predeter-
mined locations where the surface of said substrate
is exposed, and removing said first masking layer;

(g) anisotropically etching said conformal oxide ex-
posed by the removal of said first mask layer to
leave sidewall oxides at the sidewalls of said gate
layer over said N-channel device locations;

(h) depositing a patterned second masking layer to
cover a plurality of said P-channel device loca-
tions, and implanting a high dose of an N-type
impurity to form N-type sources ad drains and
removing said second masking layer, whereby said
N-channel devices comprise a lightly doped drain
extension region separating said respective sour-
ce/drain regions thereof from said respective chan-
nel regions thereof; and

(1) connecting said respective source/drain and gates
to provide a desired circuit function;

wherein all of step (e) is performed before step (f),
and all of step (f) i1s performed before step (h).

4. A method for fabrication of a CMQOS device, com-

prising the steps of:

providing a semiconductor substrate;

defining moat regions at the surface of said substrate;
introducing impurities of a first conductivity type

into selected portions of said substrate to form a

plurality of tank regions;

forming an insulated conductive gate layer over por-
tions of said substrate to define a predetermined
plurality of device locations within said moat re-
gions, said device locations comprising both first
device locations and second device locations;

introducing a light dose of a dopant of said first con-
ductivity type into a shallow depth of said substrate
surface overall, both in desired locations of lightly
doped drain extension regions and In other loca-
tions;

depositing conformal oxide overall;

anisotropically etching said conformal oxide to form
gate sidewalls of said conformal oxide on said first
device locations; ‘

providing a patterned first mask layer to cover the
locations of said first devices, removing said con-
formal oxide where not covered by said masking
layer, such that oxide is not present at the sidewalls
of said gates over said second device locations,

then introducing a heavy dose if impurities of a

second conductivity type to form second conduc-

tivity type source/drain regions in predetermined
locations where the surface of said substrate is
exposed, and removing said first masking layer;
then

depositing a patterned second masking layer to cover

a plurality of said second device locations, implant-

ing a high dose of an impurity of said conductivity

type to form first conductivity type sources and
drains and removing said second masking layer,
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whereby said first devices comprise a lightly doped

drain extension region separating said respective
source/drain regions thereof from said respective
channel regions thereof; and

connecting said respective source/drain and gates to
provide a desired circuit function.

8. A method for fabrication of a CMOS device, com-

prising the steps of:

providing a semiconductor substrate;

defining moat regions at the surface of said substrate;

introducing N-type impurities into selected portions
of said substrate to form a plurality of N-tank re-
ZIONS;

forming an insulated conductive gate layer over por-
tions of said substrate to define a predetermined
plurality of device locations within said moat re-
gions, said device locations comprising both N-
channel device locations and P-channel device
locations:

introducing a light dose of an N-type dopant into a
shallow depth of said substrate surface overall,
both 1n desired locations of lightly doped drain
extension regions and in other locations;
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depositing a conformal oxide overall;

anisotropically etching said conformal oxide layer to
form gate sidewalls of said conformal oxide on said
N-channel device locations;

providing a first patterned mask layer to cover the
locations of said N-channel devices, removing said
conformal oxide where not covered by said mask-
ing layer, such that oxide is not preset at the side-
walls of said gates over said second device loca-
tions, the introducing a heavy dose of P-type impu-
rities to form P-type source/drain regions in prede-
termined locations where the surface of said sub-
strate 1s exposed, and removing said first masking
layer; and then

depositing a second patterned masking layer to cover
a plurality of said P-channel device locations, im-
planting a high dose of an N-type impurity to form
N-type sources and drains and removing said sec-
ond masking layer, whereby said N-channel! de-
vices comprise a lightly doped drain extension
region separating said respective source/drain re-
gions thereof from said respective channel regions

thereof.
. x % % % %
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